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PREFACE 

This manual describes the installation, use, operation, and maintenance of the Interval Timer 
Module with Texas Instalments' Models 960A and 960B computers. Assembly language pro- 
grammers, system designers and maintenance personnel will find the information in this manual 
useful. 

The Interval Timer Module interfaces with the 960 series of computers through the Communica- 
tions Register Unit (CRU). A basic knowledge of this interface is assumed and can be reviewed 
in the Model 960 Computer Communications Register Unit Manual (Manual Number 
966313-9701) furnished with each system. Detailed descriptions of CRU input and output 
instructions are found in the Model 960 Computer Assembly Language Programmers Reference 
Manual (Manual Number 942779-9701). That manual also describes assembly language program- 
ming and input/output techniques. Central Processing Unit (CPU) memory and bootstrap loader 
initialization are described in the Model 960 Computer Installation Procedure (Manual Number 
942767-9701). 

Information about the Model 960A and Model 960B computers can be found in the following 
manuals: 



Manual Number 

226750-9707 



Title 

Model 960A Computer Maintenance Manual: Parts List 
and Assembly Drawings, Volume VII 



226750-9708 Model 960A Computer Maintenance Manual: Electrical 

Drawings, Volume VIII 

942773-9704 Model 960B Computer Maintenance Manual: Parts List 

and Assembly Drawings 

942773-9705 Model 960B Computer Maintenance Manual: Electrical 

Drawings 

958953-9701 Central Processing Unit Performance Assurance Tests 

for the Model 960 Computer 

942779-9701 Model 960 Computer Assembly Language Programmer's 

Reference Manual 
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SECTION I 
GENERAL DESCRIPTION AND INSTALLATION 



1 . 1 GENERAL DESCRIPTION 

The Interval Timer Module (figure 1-1) supplies real-time information to the operating system 
software. A 1, 2, 4, or 8 millisecond (ms) time base can be selected by the user. The module 
contains a 14-bit program-loadable counter (16,384 maximum counts) that decrements at a rate 
specified by the time base. An interrupt is issued when the counter reaches zero; however, the 
counter continues to decrement past zero to prevent the loss of counts. 




Figure 1-1. Interval Timer Module 
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There are four configurations of the module available and their differences (the time base) are 
shown in table 1-1. 

Normally, one interval timer per system is adequate. However, additional Interval Timer Modules 
can be added if additional time bases are required. The modules can be inserted in any CRU 
port. 

The count-down logic of the base module clock supplies free-running clock signals to the 
top-edge connector of the module. The basic interval timer has a 4.096 MHz clock that is 
divided down to provide the user selected time base. The top-edge connector clock signals 
represent the binary multiples of 8 ms divided by 8192 (0.997 microseconds). For example, the 
limits and several signals from the range of outputs are: 

8/8192, 8/4096, 8/2048, . . . , 1, 2, 4, and 8 ms (upper limit) 

These clock outputs are available for module test; however, they can also be used by other 
elements of the system. 

The module characteristics are summarized in table 1-2. 

1.2 INSTALLATION 

Installation of the Interval Timer Module involves time base selection, slot selection, and, 
possibly, attaching a cable between, the top-edge connector of the module and a system 
component. The following paragraphs provide the detailed information for time base and slot 
selection. Table 4-1 describes the pin assignments for the top-edge connector and should be 
referenced when specifying the cable connections for routing the interval timer clock output to 
an external system device. These considerations are summarized in the installation procedure. 

1.2.1 TIME BASE SELECTION. Time base increments of 1, 2, 4, and 8 ms are available. These 
time increments are selectable by jumpers as listed in table 1-3. 

Jumpers are connected between staked terminals using a 20- to 30-watt soldering iron and 22 to 
26 gauge, single conductor, insulated wire. Figure 1-2 shows an Interval Timer Module jumpered 
for a 1 ms time base. The PAM and PAM/D monitors usually use a timer jumpered for a 1 
millisecond time base. 

1.2.2 SLOT LOCATION. The Interval Timer Module can be installed in any CRU location. 
These locations are: 

• Standard Internal Ports (computer chassis locations EF0, EF1, EF2 and EF3) 

• Internal Expansion Ports (computer chassis locations EF4 through EFF) 

• External Expansion Ports (expansion chassis locations) 

Figure 1-3 illustrates the connections required to generate the module in any of these locations. 

The location of the module within the computer chassis or within an expansion chassis 
determines the CRU base address that the module recognizes. Therefore, before selecting a 
chassis location for the module, determine the address that the software handling routine expects 
the module to recognize. PAM and PAM/D systems generally expect the Interval Timer Module 
to be located in slot marked EF3 on the escutcheon (usually referred to as slot '0F30'). 
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Table 1-1. Interval Timer Module Configurations 



Part Number 

214114-0001 
214114-0002 
214114-0003 
214114-0004 



Description 



Interval timer 
Interval timer 
Interval timer 
Interval timer 



1 ms time base 

2 ms time base 
4 ms time base 
8 ms time base 



Table 1-2. Interval Timer Module Specifications 



Characteristic 

Resolution: 
Maximum Count: 
Interrupt: 

Maximum Time Interval Measured: 
Power Requirements: 



Specification 

1, 2, 4, or 8 milliseconds (selected by wire jumper) 

16,384 time increments 

At count = timer causes interrupt, but continues 
to count negative to prevent any loss of real-time 
due to interrupt servicing by the computer. 

Unlimited. Software can load the timer at periodic 
intervals to keep time indefinitely. 

+5.0 Vdc @ 0.5A 



Table 1-3. Time Interval Jumper Configurations 
Time Jumper* 



1 ms 


E3-E5 


2 ms 


E4-E5 


4 ms 


E2-E5 


8 ms 


E1-E5 



*El,E2,E3,E4,and 
E5 are terminals 
staked to the module. 
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132093 (960-1274-6-4) 



Figure 1-2. Time Base Interval Adjustments 

1.2.3 INSTALLATION PROCEDURE. After determining the modules location and installing the 
proper jumper for the selected time base, perform the following steps for installation: 

1 . Set the ON/OF (CPU power) switch, on the power supply, to the OFF position. 

2. Plug the module into the selected chassis location with the component side of the 
board facing the front of the computer chassis or facing the buffer board in an 
expansion chassis. 

NOTE 

Custom cables can be assembled for special application by ordering 
cable connector and cover (TI part no. 217081-0001) for cables 
9.5 mm (3/8-inch) or less; for cables 12.7 mm (1/2-inch) or less, 
TI part no. 217081-0002 is available. These connectors mate with 
the 72-pin edge connector on the top edge of the module. 

3. If required, connect the custom cable between the interval timer and the system 
component to receive free-running clocks. 

4. Set the ON/OFF (CPU power) switch, on the power supply, to the ON position. 

5. Perform the Performance Demonstration Test (PDT) for the Interval Timer Module 
(described in Section VIII). 

6. Installation is complete after successful completion of the PDT. Refer to the main- 
tenance section if the test fails to execute properly. 
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SECTION II 
OPERATING INSTRUCTIONS 



2.1 GENERAL 

Operation of the Interval Timer Module consists entirely of the programming required to 
initialize, control, and read the timer counter. The CRU instructions such as SETB, BBNE, 
XBNE, TSBX, LDCR, and STCR are used to implement software routines to handle the Interval 
Timer Module. CRU instruction formats are included in Section IV. 

The interface between the computer and the Interval Timer Module consists of 1 6 input lines 
and 16 output lines. Individual bits (lines) or fields of 2 to 16 bits are addressed using CRU 
instructions. The significance of each input and output line is summarized in table 2-1 . 

2.2 PROGRAMMING CONSIDERATIONS 

The Interval Timer Module is loaded with a count through program control. This count is 
decremented at a rate determined by the time base (selected by jumpers on the module). When 
the count reaches zero, an interrupt request is issued. For example, if an interrupt is needed 
every 100 milliseconds (ms) and the time base decrements the counter every 1 ms, the counter is 
initially loaded with a count of 100. This interrupt, that occurs every 100 ms, could be used to 
increment a memory location specifying time in milliseconds. Then other instructions could test 
this location for updating second, hour; day, month, and year information. 



Table 2-1 . CRU Bit Functions for the Interval Timer 



CRU Output 
Bit Address* 



1 



14 
15 



Function 

0=Clear Interrupt 
l=Set Interrupt 

14-Bit Counter Initialization 
Value from CPU - Bit 1 is 
LSB 



1/0 Start/Stop Control 



CRU Input 
Bit Address* 



LSB 



Function 



14*Sfe 

15 



Timer Interrupt Status: 1 interrupt 



14-Bit Dynamic Count - Bit 1 is LSB 



Not Used - Always=0 



♦Add the CRU port address for actual program address. 
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counter continues to decrement at the specified rate past zero. After passing zero the value 
would appear to be negative if read using the STCR instruction to read bits 1-74. The most 
significant bit read (bit 14) determines the sign assigned to the counter value. 

The programming considerations for loading and reading the Interval Timer counter are described 
and illustrated in the following paragraphs. The programming examples require the assembler 
directive statements shown in figure 2-1 . 

2.2.1 POWER-UP CONSIDERATIONS. For the undefined condition of the Interval Timer 
counter following a power-up sequence, the timer should be stopped and reset to a non-zero 
value N. The number N multiplied by the selected timer interval is the interval to be measured. 
Clear the Interval Timer interrupt request because an interrupt may be pending due to power 
transients during power up. The counter must be non-zero before resetting the timer interrupt 
request, or otherwise, the interrupt request will not be reset. Start the Interval Timer to measure 
the specified interval. The sequence of instructions to accomplish this initialization function is 
shown in figure 2-2. 

2.2.2 INTERRUPT SERVICING. Timer servicing is required when the counter has been decre- 
mented to (or past) zero and has issued an interrupt request. In this case the timer generally is 
not stopped. The dynamic value in the counter is read until two consecutive values are identical. 
This is necessary because the timer counter and the CPU have asynchronous clocks. The value N, 
that defines the specified interval, is added to the present counter value; the sum S is then tested 
to confirm a positive value (not zero or negative). If the value is not positive, then an interval 
longer than the interval being measured has elapsed since the interval timer interrupt request 
occurred. A long interval can result, for example, because of CRU interrupt requests being 
masked for an extended period of time. N is added to the sum S, consecutively, until the value 
is finally positive. If a memory location is being used to record the number of N duration 
intervals, then the program would increment this location each time the value N was added to 
the sum. The final positive sum S (0< sum <N) is now loaded into the Interval Timer counter. 
The Interval Timer interrupt request is then cleared and CRU interrupt requests are enabled. The 
coding of a typical Interrupt Timer read and update routine is shown in figure 2-3. 

An error is possible using this technique. One basic timing interval (jumper selected) is lost if the 
counter changes between the read of the counter and the program load of a new timer count. 
Thus, if the timer is jumpered for a basic interval of 1 ms and the program selects an interval of 
1 00 ms, the worst case error is 1 percent. This is a low probability event, since the timer handler 
routine usually requires less than 100 microseconds to execute. 

Table 2-2 indicates the relationship between elapsed time and counter values. Note in particular 
the problem caused by a long-term duration between the interrupt and the read of the counter 
(last column in the table). In this latter case the counter has decremented more than 2063 16 
counts. When the basic program count of 64 16 is added, the result is positive and consequently 
only 100 (decimal) is added to the millisecond counter. The actual elapsed time was 8.393 
seconds. 
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Figure 2-2. Timer Initialization Example 
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Figure 2-3. Timer Update Example 
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FOLLOWING 
INTERRUPT 


READ AFTER 
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READ-DELAY 
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INTERVAL 


DELAYED 
READ- 
ERROR 
CONDITION 


INTERVAL TIME COUNTER 
VALUE (HEX) WHEN READ 


0000 


3FFF 


3F3C 


1F37 


VALUE STORED IN MEMORY 
BY CPU (HEX) 


0000 


FFFF 
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1F37 


CPU VALUE (SUM S) AFTER 
ADDING 100 10 (64 t g) 
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(HEX) 


0064 


0063 


0004 


1FAB 



2-6 



Digital Systems Division 




966374-9701 



SECTION III 
UNIT SPECIFICATION 

This section is not applicable to this manual. 
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SECTION IV 
INTERFACE AND MODULE SPECIFICATION 



4.1 GENERAL 

This section discusses the computer and Interval Timer Module interfaces, the signatures, and pin 
assignments for these signals, and the functioning of the signal generation circuitry. It also 
describes control of data transfer and presents the formats of software instructions used for CRU 
bit and field manipulation. The electrical and physical characteristics of the data module are 
specified. The jumper schedules for the various options are shown in table 1-1. Figure 4-1 is a 
block diagram of the Interval Timer. 

4.2 CPU INTERFACE 

The following paragraphs discuss the interface between the Interval Timer Module and the CPU. 
They include discussions of connector pin assignments, addressing of individual modules, control 
signals and data transfer, and CRU input and output instruction formats. 
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Figure 4-1. Interval Timer Block Diagram 
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4.2.1 CONNECTOR PIN ASSIGNMENTS. The Interval Timer Module interfaces with the CPU 
through the Communications Register Unit (CRU). This interface is completed through the 
bottom-edge, 80-pin connector of the module. Table 4-1 lists the interface signal signatures, pin 
numbers, and descriptions of signals. The logic voltage levels of these signals are TTL-compatible. 
Signals that are true when the voltage level is low (zero) have signatures that end with a hyphen 
(-). An example of such a signal signature is CRUSEL0-. This table includes all inputs, outputs, 
and grounds. All grounds are common and are connected to the CPU digital ground bus. Connec- 
tion to the module is normally made with 72-pin connector (TI part no. 217081-0001). 

The Interval Timer module supplies free-running clock signals to the top-edge connector. Pin 
assignments for the top-edge connector are specified in table 4-2. The correlation between pin 
labels and physical position is illustrated in figure 4-2. The free-running clocks are supplied 
primarily for test purposes; however, external system components can use the clock outputs. 
Ground pins are adjacent to clock signal pins to facilitate use of twisted-pair wire for signal lines. 

4.2.2 MODULE AND LINE ADDRESSING. Module selection is accomplished in the CRU 
interface or Expansion Module by decoding the CRU address rack and module fields (bits 4 
through 11) of the CRU base address register. The CRU base address register contains the 
effective CRU base address. The effective CRU address is calculated by adding the register file 



Table 4-1. CPU Interface Signals 



Signature 



Pin Number 



Description 



GROUND 



1,2,79,80 



System ground 



CPUDATAOUT 16 Serial data from CPU to module 

STORECLOCK- 22 CPU output data strobe 

CRUBIT15 34 CRU bit address select line 

CRUBIT14 38 CRU bit address select line 

CRUBIT13 40 CRU bit address select line 

CRUBIT12 42 CRU bit address select line 

CRUSEL0- 48 Module select line from CRU rack and slot decode 

CRUDATAIN 60 Serial data from module to CPU 

CRUMR- 76 Power up/reset 

VCC 77, 78 Power, +5 Vdc 

CRUINT- 66 Interrupt to CRU 

Note: pins 66 and 76 are inputs to CRU all others are output. 
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Pin 



Table 4-2. Interval Tinier Module Connector Pin Assignments 
Signature/Description Pin Signature/Description 
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MODULE SOLDER SIDE 
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Figure 4-2. Module Connector Pin Arrangement 

CRU base address (supervisor mode location 87 16 or worker mode location 8F 16 ) and the CRU 
address field of the instruction being executed. The fields of this address are: 
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REGISTER 
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Within the specified chassis (rack) the module select field is decoded to one of sixteen slots. The 
slot receiving the active select signal, CRUSEL0-, is enabled. The Interval Timer Module is 
selected by CRUSEL0-. The CRU line address field (bits 12 through 15) determines the specific 
line or bit to be input or output. 

4.2.3 CONTROL AND TRANSFER OF DATA. Data is transferred serially between the Interval 
Timer Module and the CPU by direct program control. CRU instruction execution selects the 
module in the port addressed by the effective CRU base address register (contents of memory 
location 87j 6 or 8F 16 plus the CRU base register modifier). The port of the Interval Timer 
Module is selected when the CRUSELO- signal goes true causing the input to be enabled. 

4.2.4 CRU INPUT/OUTPUT INSTRUCTION FORMAT. Each instruction is identified by a 
unique operation code. In these instructions, the operation code is specified in bit positions 
through 5 in the instruction word. Other fields included in the formats of the instructions are: 

• M and N address fields 

• VI field - immediate value bit, used to specify one of two possible actions or to 
perform a bit comparison 

• AM field - bit that specifies whether alternate mode registers are used; base registers 
for the inactive mode can be used when the other mode is the execution mode. 

Base register relative addressing and alternate mode registers are explained in the Model 960 
Computer Assembly Language Programmer's Reference Manual. 

4.2.5 CRU INPUT TRANSFER OF DATA AND INSTRUCTIONS. When the input is enabled, 
the module decodes the CRU line address and outputs the data (as the serial signal DATAIN) to 
the CPU. The data is not latched except for the instantaneous value written into memory during 
an STCR instruction. The four CRU input instructions are described and illustrated in the 
following paragraphs. Only one of these instructions, the STCR, transfers bits or fields from the 
Interval Timer module. The other three instructions branch conditionally on the value of a 
sensed bit. 
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4.2.5.1 STCR Instruction. The format for the Store Communications Register (STCR) instruc- 
tion is: 



5 6 



15 16 19 20 21 22 



31 



g 



10 1 1 



M 



(A)132100 



CRU BASE REGISTER MODIFIER 



DATA BASE REGISTER 
MODIFIER 



The address fields, M and N, contain the CRU base address modifier and the data base register 
address modifier. Sequential CRU input lines are read and stored as a right-justified bit field in 
the memory location specified by N plus the contents of the data base register. The CRU input 
line specified by the contents of the CRU- base register plus M is stored as the least significant 
bit of the field. The B field contains the number of bits to be read and stored in memory. In 
this field, indicates 1 6 bits. The bit in the AM field is 0, if execution mode base registers are 
used and a 1, if alternate mode base registers are used. 

4.2.5.2 BBNE Instruction. The format for the Branch on Bit Not Equal (BBNE) instruction is: 
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V. 



CRU BASE REGISTER MODIFIER 



PROCEDURE BASE REGISTER 
MODIFIER 



The M field is the CRU base register address modifier, and the N field is the procedure base 
register address modifier. The addressed CRU input line, specified by the modifier in the M field 
plus the CRU base register, is compared to the bit in the VI field. If the comparison fails, the 
Program Counter (PC) or Event Counter (EC) is loaded with the memory address specified by 
the modifier in the N field plus the contents of the procedure base register. 

If the AM bit is 0, the execution mode base registers are used. If the AM bit is 1, the alternate 
mode CRU base register is used to calculate the CRU address. The branch address is calculated 
using the active mode procedure base register and the modifier in the N field. 

4.2.5.3 TSBX Instruction. The format for the Test Input Bit and Switch Mode or Set Output 
Bit (TSBX) instruction is: 
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CRU BASE REGISTER 
MODIFIER (INPUT) 



CRU BASE REGISTER 
MODIFIER (OUTPUT) 



The addressed CRU input line, specified by the address modifier in the M field plus the contents 
of the CRU base register, is compared to the bit in the VI field. If the test fails, the mode is 
changed. If the test is successful, the value of the OB bit is output to the CRU output line 
specified by the address modifier in the N field plus the contents of the CRU base register. 

If the AM bit is 0, the execution mode CRU base register is used. If the AM bit is a 1, the 
alternate mode CRU base register is used and mode switching is inhibited. 
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CRU BASE REGISTER MODIFIER 



The addresse CRU input line, specified by the address modifier in the M field plus the contents 
of the CRu base register, is compared to the bit in the VI field. If the test fails, the mode is 
changed. 

If the AM bit is a 0, the exeuction mode CRU base register is used. If the AM bit is a 1, the 
alternate mode CRU base register is used. 

4.2.6 CRU OUTPUT TRANSFER OF DATA AND INSTRUCTIONS. Data is transferred serially 
between the CPU and the Interval Timer Module on the CPUDATAOUT signal line. The 
STORECLOCK- control signal indicates that the CPU output data, CPUDATAOUT, is active and 
stable. The data is latched by the module at the CRU bit location specified by the line address, 
CRUBIT12-15, on the trailing edge (low-to-high transition) of STORECLOCK-. The formats for 
the CRU output instructions are described and illustrated in the following paragraphs. These 
instructions transfer bits or fields to the Interval Timer module. 

4.2.6.1 LDCR Instruction. The format for the Load Communications Register (LDCR) instruc- 
tion is: 
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CRU BASE REGISTER MODIFIER 



DATA BASE REGISTER 
MODIFIER 



The address fields, M and N, contain the CRU base register address modifier and the data base 
register address modifier. The B field contains the number of bits to be read from memory and 
output to the interface. In this field, a indicates 16 bits. The bit in the AM field is a if 
execution mode base registers are being used, and a 1 if alternate mode base registers are being 
used. The values in the modifier fields are added to the contents of the corresponding base 
registers to determine the effective address. 

4.2.6.2 SETB Instruction. The format for the Set CRU Output Bit (SETB) instruction is: 
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The M field is the CRU base register modifier or displacement. The bit in the VI field is used to 
set the addressed CRU output bit. The VI bit is a if the addressed bit is false, and a 1 if the 
addressed bit is true. The bit in the AM field is a if the execution mode base register is used, 
and a 1 if the alternate mode base Tegister is used. The value in the modifier field is added to 
the contents of the corresponding base register to determine the effective address. 

4.2.6.3 TSBX Instruction. The description of this instruction appears in paragraph 4.2.5.3. 

4.3 THEORY OF OPERATION 

The following discussion references the Interval Timer Module schematic (TI drawing no. 
214115) and assumes that the reader has a basic knoweldge of the Communications Register 
Unit (CRU) presented in the CRU manual provided with each system (TI part no. 966313-9701). 

4.3.1 ADDRESSING. The CRU line address (CA12-15) is labelled CRUBIT12-15 on the sche- 
matic and is a True address. The select signal, CRUSEL0-, is at a low level (True) when the slot 
in which the module is located is specified by the rack and module fields of the CRU Base 
Address register (CA04-11). The CRU line address bits CRUBIT12-15 are routed to the input 
multiplexer Z23 and address decoder Z5 along with the signal CRUSEL0-, which acts as an 
enable line. As long as CRUSELO- remains False (high), the module ignores the line address, and 
the decoder and multiplexer outputs remain high. When CRUSELO- is True, Z23 selects one of 
the 16 signals to be CRUDATAIN. Input is the interrupt line and is high when the interrupt 
flip-flop is set. Inputs 1 through 14 are the contents of the counter. Input 15 is always False (0 
when read into memory). 

The CRU line address decoder outputs are ADR0- through ADR 15-. Only one of these signals is 
True (low) at any given time. Output ADR0-, used to address the interrupt storage flip-flop, is 
illustrated in figure 4-3. It is inverted and ANDed with STORECLOCK to provide a single clock 
edge for the interrupt storage flip-flop. On that edge, DO (buffered CPUDATAOUT) is gated to 
the output. Therefore, an instruction can either set or clear (ONE or ZERO) an interrupt. 
However, if the contents of the counter are zero, then the signal ZEROPRE forces the interrupt 
storage flip-flop to the high level and prevents a reset of the latch. To reset the interrupt, the 
counter must be nonzero. ADR1- through ADR 14- are used to load the counter flip-flop as 
illustrated in figure 4-4. CLOCK- is gated with the address lines to sequentially load each 
flip-flop through the preset and clear inputs from CPUDATAOUT. The D-inputs and clocks are 
used to form a 14-bit ripple down-counter. The ADR15- signal is inverted and used to clock the 
COUNT flip-flop (Z34). If DO is high, COUNT becomes True to enable signals ZEROPRE, 
TIMECLOCK-, and COUNTPULSE-. (See figure 4-4.) 

4.3.2 INTERRUPTS. The state of the ZERO flip-flop determines whether or not a CRUINT is 
True (low). As illustrated in figure 4-2, this is a D-type flip-flop that is preset by ZEROPRE, 
which is True (low) when the counter contains all zeroes, the COUNT is true, and the 4096 kHz 
clock is high. Therefore, an interrupt can be cleared only if COUNT is False or the counter is 
non-zero. 

The ZERO- signal is available at the top edge of the module. 
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4.3.3 TIME INTERVAL GENERATION. The basic clock is a 4096 kHz square wave that is 
produced by sections of Z35 and Z27 in a crystal-stablized multi-vibrator. The clock signal is 
enabled by COUNT in a section of Z35, inverted to become TIMCLOCK, and divided by 4 in 
Z33. This signal is further divided by Z30, Z32, and Z34 so that the last four signals that are 
generated have periods of 1,2, 4, and 8 ms. One of these clocks is normally routed by a jumper 
to E5, the input to inverter Z25 which in turn is the clock of flip-flop Z26. The output of Z26 
is OUTPULSE. This signal is forced to be a short pulse (16 microseconds) by using an output of 
Z31 to clear the OUTPULSE every 16 microseconds. 
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SECTION V 
MAINTENANCE 



5.1 GENERAL 

This section references software tests that check the operation of the Interval Timer Module 
interface. The tests provide an outline for fault isolation during troubleshooting. Preventive 
maintenance is not required other than ensuring that cooling air is not impeded by excessive dust 
and dirt. 

5.2 PERFORMANCE DEMONSTRATIONISTS 

The Performance Demonstration Test (PDT) certifies proper installation and equipment integrity; 
as well as providing a systematic approach to fault isolation. The PDT for the Interval Timer 
Module is described in Section VIII of this manual including the listing, and an operating pro- 
cedure. 

5.3 FAULT ISOLATION 

The following paragraphs give the module level and component level fault isolation procedures. 

5.3.1 FAULT ISOLATION, MODULE LEVEL. It is generally necessary to locate computer 
system faults to the module level. A defective module can be located using methodical trouble- 
shooting techniques and replacing a known good module for a suspected bad one. The repaired 
system is then tested to verify satisfactory operation and the defective module is returned to the 
manufacturer for repair. 

The Central Processor Unit (CPU) and the Communications Register Unit (CRU) must function 
properly before the Interval Timer Module can be tested. Perform the Arithmetic Unit (AU) 
Performance Assurance Tests (PAT's). Correct performance of the PAT's confirms the integrity 
of the CPU and capability to input and output information through the Communications 
Register Unit (CRU) interface. 

Perform the Interval Timer Module PDT to confirm satisfactory operation in the selected CRU 
port. If the PDT fails to complete properly, the probable causes are defective Interval Timer 
Module or Communications Register Unit modules. When substituting known good modules, 
mark the various modules so that the ones used as standards and the suspected defective modules 
do not get mixed. When testing the Interval Timer Module all other interrupt generating CRU 
devices must be disabled to prevent unexpected interrupts. 

5.3.2 FAULT ISOLATION, COMPONENT LEVEL. Isolation of a failure to the defective com- 
ponent requires the electrical drawings (supplied in Section VI), the test equipment listed in 
table 5-1 , and the PDT listing (supplied in Section VIII). The approach described for the module 
level fault isolation is used to determine a defective module. The procedure that follows permits 
the defective component on a module to be identified. 

The following procedure can be used to isolate defective components using the Interval Timer 
Module PDT as a troubleshooting tool. 
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T„kl„ c i d : J t » c — : * 

i at/it j-i. ncijuucu i cat i^ifuipineiii 

Test Equipment Manufacturer and Type 

Multimeter VOM 

Oscilloscope Tektronix Model 453 or equivalent 

Module extender board TI part no. 22685 1 -000 1 

Place the defective module in an extender board and the combination in slot EF3. Remove all 
other modules that might generate interrupts from the CRU. 

NOTE 

Follow the considerations mentioned in the installation instructions 
concerning module installation and removal. 

Execute the PDT. The PDT is structured as five independent tests to fabricate program looping 
on an error. When an error occurs, the program will halt (the program counter will not be 
changing). If an error has occurred, the program will be executing a branch to the present 
program counter address. Inspection of the instruction register B (IB) will indicate the relative 
program address of the Halt instruction. This Halt instruction should be located in the listing. 
This instruction may be altered to cause a branch to the first instruction of the failing section. 
Program execution can be restarted and the program will continue to loop the failing routine to 
permit the use of an oscilloscope. This presumes the failure is not intermittent. The description 
of the failed test in the listing will indicate the area in the logic needing investigation. 

Use the logic diagram to locate suspected defective signals. The labels on a logic gate symbol 
designate the position of a network or connector pin. The components and networks can then be 
located using the assembly drawing, The labelling of the top-edge connector is described in the 
theory of operation section. 
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SECTION VI 
DRAWINGS 



6.1 GENERAL 

The electrical drawings, assembly drawings, and parts lists that are required to properly service 
and maintain the Interval Timer Module are included in this section. 

Parts lists, assembly drawings, and electrical drawings for the computers are contained in the 
following manuals: 



Title 

Model 960A Maintenance Manual Parts List 
and Assembly Drawings 

Model 960 A Maintenance Manual Electrical 
Drawings 

Model 960B Maintenance Manual Parts List 
and Assembly Drawings 

Model 960B Maintenance Manual Electrical 
Drawings 



TI Manual Number 



226750-9707 



226750-9708 



942773-9704 



942773-9705 



An index of drawings and parts lists appears below. This index lists the electrical drawing, 
assembly drawing, and parts list (LM). 



Description 

Schematic 

Assembly and Parts List (LM) 



Drawing Page 



214115 
214114 
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SECTION VII 
LOGIC IMPLEMENTATION LIST 

This section is not applicable to this manual. 
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SECTION VIII 
PERFORMANCE DEMONSTRATION TEST 



8.1 GENERAL 

The Performance Demonstration Test (PDT) tests the Interval Timer Module to determine if all 
functions are working properly. Table 8-1 lists the equipment required to run the PDT for the 
Interval Timer Module. There are two forms for the object program of the PDT. One, the PTO 
(TI part no. 942715-1101) is for the paper-tape reader and the other, CDO (TI part no. 
942715-1201) is for the card reader. 

8.2 PDT DESCRIPTION 

The following paragraphs contain a description of the PDT for the Interval Timer Module. 

8.2.1 INTRODUCTION. The Interval Timer Module PDT is called ITM960 and is contained at 
the end of this section. This test is used to verify the accuracy of the decrementing clock 
counter and valid occurrence of an interrupt using the appropriate counter from the module 
when properly installed in the CRU. 

8.2.2 EQUIPMENT CONFIGURATION. The CRU Interval Timer Module is installed in the 
CRU at location EF3 I6 . No other interrupt producing CRU modules should be installed while 
this test is in progress. 4K of memory and a loading device such as a paper tape reader, card reader 
or an ASR733 terminal are required. 

8.2.3 DATA STRUCTURE. Data blocks are an integral part of the loaded program and do not 
require reinitialization during execution. Repeated executions from initial loading can also be 
accomplished without further action on data blocks. 

8.2.4 PROGRAM STRUCTURE. The ITM960 program logic is shown in the flowchart and the 
assembly language listing. ITM960 consists of a single procedure segment. Normal execution 
accomplishes the following functions: 

1 . INITIALIZATION. Loading followed by execution results in initial status register load 
for pre-indexing, supervisor mode execution, masking of all interrupts (X'OICO'), and. 
transfer to label START. Base registers 4-5-6-7 are loaded. The CRU interrupt location 
(memory addresses X'0094' and X'0095') is loaded with -a store status and branch 
instruction (SSB) to trap at the label TRAP. TRAP consists of a nine-word data block 
to process and save information from the CRU interrupts. Any illegal interrupt causes 
a program stop at label HALT (X'72D2',HALT) and the program relative halt address 
is displayable in INSTRUCTION REGISTER B. The module CRU lines are zeroed and 
a check is made to ensure that the module is plugged into the proper CRU slot. The 
interrupt line is cleared and the status register is reset to enable CRU interrupts. 
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control by this function. The counter is loaded with a value of zero and a check is 
made for an interrupt. The interrupt is reset and the interrupt trap is set to the label 
TWO 12 address. The counter is stopped and a check is made for no interrupt. A third 
alter interrupt trap base is used with a loop to continue the count until the value 
becomes - 1 . A check for no interrupt is also made to end test two. 

3. DECREMENT CHECK. The interrupt trap base address is altered to permit control by 
this function. The counter is loaded with a value of two and a loop is used to permit 
the counter to decrement one count. A check is made for no interrupt and then 
another loop for one count decrement. A check is made for an interrupt on this zero 
count. One more delay loop is used to check for no interrupt and negative count 
value. 

4. CLOCK CALIBRATION. The interrupt trap base address is altered to permit control 
by this function. A one-count calibration uses the counter loaded with a value of one 
and the counter is started. A software execution loop using the 4 MHz instruction 
clock is used for the appropriate time delay. Then a check is made for an interrupt 
and the counter is stopped. The interrupt is cleared and the interrupt trap base address 
is reset for full counter calibration. For the counter to go from full value (X'3FFF') to 
zero using the 8 ms increment requires 131 seconds for an accuracy of 2.5 percent. 
The method used for one-count calibration is used here. Successful completion of the 
test is indicated by a delay visible on the console as an incrementing INSTRUCTION 
REGISTER B value. 

5. RETURN TO LOADER. Normal test completion. 

8.2.5 SUPPORT PROGRAMS. The Bootstrap Loader is required to load the object program. 
Refer to the CPU PAT's manual for loader program description and loading procedure. 

8.2.6 INPUT. The ITM960 object program is entered by the loader if the program does not 
reside in memory. Further input is not necessary to begin execution if the module is plugged 
into the CRU at address EF3 (X'0F30'). Otherwise the program location specifying the CRU 
base address must be changed. 

8.2.7 OUTPUT. Test output is in the form of visual displays from the console only. An error 
halt is indicated by execution of a branch relative instruction with 72D2 16 displayable in 
INSTRUCTION REGISTER A and the program relative halt address displayable in INSTRUCTION 
REGISTER B. Normal test execution results in continued repeat of step 4 in paragraph 8.2.4 
Clock Calibration. ' 

8.2.8 RESTRICTIONS. The following restrictions must be observed. 



• 



CRU location of the Interval Timer Module is assumed to be EF3 16 in the CRU. A 
different CRU base address requires the value at label CRULOC to be altered after 
loading and before execution. 

All time delay loops assume that one memory cycle of 750 nanoseconds is used every 
30 microseconds to refresh semiconductor memory. 
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8.2.9 LOADING PROCEDURES. The following procedures should be followed in order to load 
ITM960 into the CPU. 

1 . Set the PC to the ITM960 first word address (assembly listing). 

2. Select the appropriate option switch for the interval timer being tested. The options 
are as follows: 

Switch 12 8 ms board 

Switch 13 4 ms board 

Switch 14 2 ms board 

Switch IS 1 ms board 

If no switch is set, the program assumes a 1 ms board. 

3. Select RUN and START. Execution begins immediately. Successful checkout results in 
a return to the loader. 

4. SIE MODE permits observation of individual instruction executions and easy access to 
status and register contents as well as PC alteming. Note that part of the counter 
check function tests are based on clock times and execution under control of this 
mode may generate invalid results. 

5. Any function test may be repeated or the program may be halted by altering the 
branch unconditional instruction (B $+2) at the end of each function. The complete 
program may be repeated or put into a continuous execution loop by altering the 
branch unconditional instruction (END4 B $+2) to return to the program first instruc- 
tion. 

6. A test failure is indicated by a program halt from execution of a branch relative halt 
(B @$,5) with the program relative half address displayable in INSTRUCTION REGIS- 
TER B. The failure location can Be determined by comparison of this address with the 
location counter (LC) in the assembly listing. 

8.2.10 CONTROL FEATURES. The following are control features of the ITM960 PDT. 

1 . NORMAL STOP. Upon completion of the test, control is returned to the loader. If an 
error occurs, a "B @$,5" is executed. 

2. ERROR STOP. Any error halt results in a branch relative instruction (B @$,5) 
displayable in INSTRUCTION REGISTER A and the program relative halt address 
displayable in INSTRUCTION REGISTER B. Location of the error can be found by 
locating the halt address in the assembly listing. 

3. RECOVERY PROCEDURE. The program may be stopped and restarted from any 
function execution or error by a CPU HALT and resetting the PC to the value of any 
one of the five function label addresses (labelled ONE through FIVE). Each function is 
independent. 
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ASSUMED TO BE VI0F3PI. A DIFFERENT CRU SASE ADDRESS 
REQUIRES THF VALUE AT LABEL »CRI'LOC« TO BE ALTERED 
AFTFR LDADIKG A*0 BEFORE EXECUTION. 
►THF COUNTING INCREMENT SI7F IS DFTEumInEO BY THE OPTION 
►SWITCHES. (M'Pi POSITION CAUSES THE DESCRIBED TTFE1 

SWITCH 12 
SWITCH 13 
SWITCH 14 
SWITCH 1B 
SET, THE PROGRAM WILL DEFAULT TO ONE 



R flLLTSECDNOS 
4 Mii L jSFeONns 
9 MiLLISFCONrs 
1 *ULISFCONO 
IF NO SWITCH I* 



THAT ONE HEMORY 
30 MICROSECONDS 



CYCLE 

TO 



OF 



TIMER MODULE » 



HILLTSFCOND. 

NOTEl ALL DELAY LOOPS ASSUME 

73* WAMOSECONOS IS USED EVERY 

REFRFSH SEMICONDUCTOR MEMORY. 

NO EXTERNAL CONNECTIONS ARE I'SFD. 
RFFFRFNCE SPECIFICATION INTERVAL 
217331. 
FUNCTIONS » 

1. TNTTIALI7ATI0N • LOADING FOLLOWED BY EXECUTION 
RESULTS IN INITIAL STATUS REGISTER LOAD FOR PRE- 
TWREXING, SUPERVISOR HOOE EXECUTION, MASKING OF 
*LL INTERRUPTS tX»01C0») AND TRANSFER TO LABEL 
•START*. BASE REGISTERS 4.5-0-7 ARE LOADED. X»94» 
ANO XlOJi ARE I OAOED WITH A STORE STATUS AND BRANCH 
INSTRUCTION fSSBI TO TRAP AT LABEL 'TRAP*. TRAP 
CONSISTS OF A 0-WQRO DATA *LDCK TO PROCESS AND SAVE 
INFORMATION FRDM THE CRU INTFRRUPTS, ANY ILLEGAL 
INTERRUPT CAHSFS A PROGRAM STOP AT LABEL 'HALT* 
fX<7?0J»',#HALT1 ANO THE PROGRAM RELATIVE HALT 
*ODRFS« DISPLAYED IN INSTRUCTION REGISTER B. THE 
HOOULE CPU LINES ARE 2FR0ED AND A CHECK IS HADE TO 
INSURE THE MOOULE IS PLUGGED INTO THE PROPER CRU 
SLOT. TNF INTEPRUPT LINE IS CLEARED ANO THE STATUS 
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9991 
9*9? 
0093 
99»4 
9095 
90S* 
0097 
909" 
9090 
996C 
9961 
9*6? 
9063 
9964 
0065 
806ft 
0967 
906* 
9060 
0979 
9071 
907? 
9073 
907 4 
9075 
007ff 
9077 
0»7* 
9070 

900* 
0961 
906? 
0083 
9064 
0005 
906ft 
0067 
096A 
0080 



REGISTER H RESET TO FNA0LF CRIJ INTERRUPTS. 
8. 7EP0 IMPMT IWTFPOU0T . THE INTERRUPT TRAP BASE 
AQORFSS TS ALTERED TO PERMIT CONTROL BY THIS 
FUNCTION. THF COUNTER TS LOADED WITH A VALUE OF 
7ER0 ANO 4 CHECK IS *AOE FOR AN INTERRUPT. THE 
TNTFRH'IPT TS RF3FT ANO INTERRUPT TRAP SET TO LABEL 
•TW012' AOORFSS. THE COUNTER IS STOPPER AND * 
CHECK TS MAOF FOR NO INTERRUPT. A THIRO ALTER 
INTEPHUPT TRAP BASF TS USE" WITH A LOOP TO 
CONTINUE THE C"UNT KNTTL THE VALUE BECOMES •!. A 
rHFCK FOP Nfl INTERRUPT IS ALSO MADE TO END TEST g'. 

3. r»EtRFMFNT CHECK - THF TNTEPRUPT TRAP BASE AOORFSS 
IS ALTERFO TO PERMIT CONTROL BY THIS FUNCTION'. THE 
COHNTEP TS LOAOEO WITH A VALUE OF TWO ANO A LOOP IS 
USED TO PERPTT THE COUNTER TO DECREMENT ONE COUNT 

A CHFC* TS MAOP FOR NO INTERRUPT ANO THEN ANOTHER 
I OOP FIR ONE COUNT DECPEHENT. A CHECK IS MADE FOR 
AN IfcTFRPUPT ON THIS ZERO COUNT. ONE -ORE PELAV 
I OOP H t'3F|J TO CHECK FOR MO INTERRUPT ANO A 
NEGATIVE C"UnT VALUE'. 

4. CLOCK PAI IBRATTON - THF INTERRUPT TRAP BASE AfORESS 
TS AITFRFD TO PERMIT CONTROL BV THIS FUNCTION. A 
CNF COUNT CALIBRATION USPS THE COUNTER LOAOEO WITH 

A VAtMF CF ONE ANO START COUNTER. A SOFTWARE 
FXECHTTOK (OOP USING THE 4 MEGAHZ INSTRUCTION, CLOCK 
TS USE'1 FOR THF APPROPRIATE *II LFSECONO DELAY. 
THFN 4 CHECK IS *AOE FOR AN INTFRRUPT ANO THE 
COUNTER TS STOPPED, THE INTFBPUPT IS CLEARED ANO 
THF INTERRUPT TRAP BASF ADOPFSS RESET FOR FULL 
COUNTED CALIBRATION'. FOP THE COUNTER TO GO FROM 
FULL VALI'E fY'SFFF') TO 7ER0 USING THE 8 MSEC 
TNCRFHFNT PEOUTRFS 131 SPCONOa EOR ACCURACY OF 
9.5 PETFNT. METHOO USED FOR ONF COUNT CALIBRATION 
TS USED MERE. SHCCESFUL COMPLETION OF TEST TS 
TNOTCATEO BY A OFLAV VISIBLE ON THE CONSOLE AS AN 
INCREMENTING INSTRUCTION REGISTER B VALUE. 

5. RETURN TO LOAOFR • NORMAL TEST COMPLETION ANO A 
RETUPN lr LOAOFR CONTROL 

PACE 
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P0T9BB* 



PAGE 0^06 



ITM96<" ?SFG 

TTMCHK FQH ITMO*K 

* 

LOAnER FIJI 1 

* 

* 1. !NTTT*LI?ATiriN 



* hATA STCARE 

* 

CPULOr r»7A x'gfs'" 

WAIT PATA FnU*I4*4,y«(MC0» 

ENAPLE f.ATA (»,X'01P*« 



SSB 



r.ATA X»7*f>?" .TRAP 



most' fli'vi'* 
0«>91 a»M» 
9*9? pmcii' 

9993 

9P94 nppp 

9«9S 

9p9« 

9«97 * 

9»»» AffflP 7Cane , P'"'? ONE I ns status 

9«90 ,»i*n? r«K35 STATUS P'ATA CDNTI^, X ««MCB • , 

WW4 t*B»l» 

91 e« 

91*M 
91*? 

91*>* »P05 "F3H 
(Hit* 4 

91*»f» &<»(*« C179 
*»0C>7 P1C9 

die* iap?'' r-aj'w 

90PO rrjn^ 

01«7 

91fc« 9VM 7882 

91*9 

91li* afttr m*«* 

3f*5IF *0*F 

41 1 1 WAf 78M 

5t*» 1 f» *0I13 

WJ? CBll 

0113 »e»13 t'*99 

MCI 4 PW«H 
9114 

911* »Pj«s v US 

9*1* P1CP 
9116 

9117 9*17 P9«V> 
911" 

9H0 Vt»\P 17 00] 

912«» 

9121 9«MS fr»92 

912? 

0123 *9\h ?FFF 

9184 

9125 H»1P FFFF 

912* 

9127 At\r pgAl: 

012* "IP-in f-07n 



IMTFBVAl TT*ER MOOULE TEST 
TTKCMK RETUR* POINT 
900TSTRAP LOADER ENTRV POINT 



LOAD STATUS REGISTER BITS 7-S-9 
SET STATUS BITS 7*»»9 



TRAP r>ATA f»,9,T»APS« 

TRAP3S PATA X»7*B«i,S*TAT 

HALT DATA Xt7ao?»,#MALT 

SSTAT TATA H,p 

* 



RETURN OATA RTT*C*,Xi<Mr0» 

ZERO r>ATA 9 

COUWTI TATA 1 

* 

COU"T? *ATA 2 

# 

FULL PATA I'SFFF' 

ONES PATA X'FFFFI 
* 

TIHTAB PATA 2?29 
RATA 11? 



"oniiLE cpu base aooress iocn 

STATUS E*A*LE CRU INTERRUPTS 

CRU INTERRUPT I.OCN INSTRUCTION 

TRU INTERRUPT TRAP • (SSB TRAP 

TPAP STORE STATUS - (S3 SSTAT} 
TPAP BRANCH • (BPS.Si 
TPAP SS STORAGE 

SET STATUS FOR RETURN 

7ER0 

COUNT VALUE • ONE 

COUNT VALUE • TWO 

FULL COUNT VALUE • 14 9ITS 

ALL ONES 

S "ILLTSECONO TABLE 
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PA6E 00*7 



0129 


*<f\e 


P459 


TATA 


in* 


013" 


M«tF 


071* 


r^ATA 


ipi* 


8131 


W2P 


C40B 


nATA 


l?4"-» 


0132 


«i»?1 


PSF2 


r>ATA 


1*HA 


0133 


9lt*?9 


f*4S5 


nATA 


liao 


0134 


**2? 


!>0S7 


n*T* 


55 


3133 


M2* 


022C 


"ATA 


5*6 


013* 


*V9* 


43*9 


nATA 


172*9 


0137 


0*2* 


*2*C 


PATA 


620 


0t3» 


0»!?7 


P5F2 


RATA 


1*0* 


0l3o 


0e>2« 


t"22« 


RATA 


5*2 


01*" 


0*20 


C»1B 


nATA 


27 


01*1 


n<»?* 


P116 


nATA 


278 


014? 


0*2* 


21C2 


TATA 


0*42 


0143 


0*2C 


P136 


nATA 


310 


0144 


o»«8n 


»SF.2 


HATA 


1*0« 


0145 


*i»2F 


(•112 


*ATA 


274 


014* 


0*2F 


PH0O 


TATA 


13 


0147 


««»3ff 


PPI»B 


TATA 


1S9 


014* 


«f»31 


1l*B 


T-ATA 


4490 


0140 


0*32 


P09H 


nATA 


1*5 


019« 


0*3* 


P9F2 


nATA 


H0* 


0191 






* 




0152 


H«34 




option »fs 


1 


018* 






PAPE 





4 MILLTSFCONR TABLE 



2 MILUISFCONO TABLE 



1 HILITSFCONO TA0LE 
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8»t^iS 


" V4LP ITKQOP, |«IH*V»| 


TiMt* *pniM t TfSt 


• PfiTSUB* PARC »»H(I 


H«|4H3* 


SEPTJI4, 


197* 








ai»4 


au<3* 


44*4 mirti 


CPNTIV 


1. * 


*.* 


SFT RATA BASF RESI8TFR 


atss 


HC37 


44*5i"«ro 




L4 


n, itmthk 


SFT PRPCFPURF RASE REGISTER 


«!19" 


*"»3Q 


44»6C(»34 




I * 


*, option 


PPTKT TO OPTION SWITCHES 


aiS7 


W»3P 


F 4fllrfPH7,4 




STPS 


OPTTPk' 


SAVE OPTION SNITCHES 


ais* 


a*3n 


P4»i«r843 




PFME 


f*. 181.1 .FOMRNJ 


IS RM8FC PLAT, SETT 


aiso 


&P3F 


44PMPP1C 




I * 


B,TTHTA« 


VfS, P"IWT TH ARPRflPRIATF TABLE 


Bio" 


0P41 


7«»2fW51 




H 


STRT5T 


PfiANrH TO CHANGE CHOE 


(4161 


&P43 


»4(*f»n»ug 


FPURHS 


*»M'E 


(«, 131 , 1 . TWPMR 


IS 4M3FC FLAG SET? 


ate? 


0O4* 


44aw»a?2 




1 A 


fl.TTHTA*** 


YES, pnifcT TH AFPRPFRIATE TABLE 


(It 63 


HP47 


7M2<»»»*:i 




F" 


3TRT5T 


BRANCH TP CHANIJE CPOF 


ate 


0(H4Q 


M&HFH4F 


TU0M3 


PFK'E 


f«t 141 , t.PNFM 


IS 2H3FC FLAG SETT 


Bio* 


a<MP 


14aK«'V"?8 




1 A 


H,TTMTAB*12 


VES. PPINT TP APPROPRIATE TABLE 


«16* 


an4n 


78t«8»M»>l 







STRTST 




(M67 


«»4F 


44*B<*H?E 


0NE*3 


I A 


(*,TTHTAB*18 


1PSEC FAIG SET 


(Jt6« 


Pi9<S1 


46*3<*t«f!0 


STBTST 


L 


3,P,« 


PICK UP FIRST VALUE IN TABLE 


«io<j 


8I"53 


48*3f«l?C 




ST 


3,S*JGI P*l 


PUT TT IN THE CODE 


«17«* 


pips* 


46M3nnr,i 




L 


3.1.* 


PITK UP SEC VALUE IN TABLE 


9171 


Wi>57 


48«3»»13a 




ST 


3,F0UPl*t 


PUT TT IN THE CODE 


3173 


ai?SO 


46»3i«j>id2 




L 


3. 2, Pi 


PICK UP THTRP VALUE IN TABLE 


ai73 


tf™5<» 


^S.TM^S 




ST 


3.L10P41.1 


PUT TT IN THE COPE 


fll74 


gt«5n 


4ae»3 B i , ?3 




1 


3.3.P 


PICK UP FOURTH VALUE IN TABLE 


SM7R 


P!<*SF 


<J8«3f 1*50 




ST 


3,R-LP*1 


Pl'T TT IN THE COPE 


at7fi 


a*M 


/et»3<»t»r4 




L 


3.4.P 


PICK UP FIFTH VALUE IN TABLE 


3177 


Hi»ft? 


48B3PKF 




ST 


3»Fnu»3+l 


PUT TT IN THF COPf 


s»t7* 


0lt*f»* 


rfSMPpng 




t 


3,3,* 


PICK UP M¥TH VALUE IN TABLE 


ai7« 


»eif»7 


48B3«17H 




ST 


3,F1UP3*3 


PL'T TT IN THE COPE 


Bl»n 


a««o 


/>4BftO't«t4 




1. A 


«,SST«T*1 


SET FLAG REGISTER TO STATUS LOC 


ami 


««(<p 


*4«7i*i<iCS 




I 


7.C»ltl OC 


*ET CR'l PASE REGISTER 


ata? 


aP6n 


?4*FBi*!5iB 




SETB 


15." 


INITIAL STOP COUNTER 


atb.i 


l*P>KF 


?4«HRwnci 




SET8 


V.liS 


INITIAL CLEAR INTERRUPT 


ai«4 






* 








ate* 


oie-7 J 


(J4*WPH1 1 




LA 


a,#HAi T 


I PAD TRAP RRANCH HALT AOPRESS 


H18« 


a?7* 


^sspffldta 




ST 


a.H»LT*i 


PESTPRE HALT TRAP BRANCH APOR 


at»7 






* 








M1»»» 


afc7* 


14*AP(»04 




►«0V 


SSB. fVIQJt,*) 


LOAD CPU INTERRUPT LPCATION 


amo 


M6-77 


1 4«BF»t»<3S 


* 


*0V 


ssu + i, (y»o3«,4i 


LOAD SSB TRAP AOPRESS 


aiflp 






* 








ai»i 


a^7° 


44*01* S!17 




1 


*.7eRn 


LPAO REGISTER WITH COUNT 


atfi? 


no«7(> 


C'8P«f"«t80 




LOCR 


tc.^i .x'ae' 


CLEAR ALL MriPULE LINES 


a 193 






* 








0H94 


mvir 


?C»«Pt»!»P 




STCR 


f»,"1,X»8«" 


INTERROGATE HOPULE LINES 


a t»5 






* 








ats* 


7><*7f 


1^«0P4tfl 




CM 


t*'**',-*) ,0^'Es 


CONTINUITY CHECK 


atfi7 


Hl»fl1 


7202P1PB1 




B 


• S.5 


ERROR - INTERRUPT LINE NOT SET 


«19« 


apf»3 


7082*t*87 




B 


CI. EAR 


PK m MODULE INTERRUPT 


ai9o 


«**•> 


72P2(i"CiR!5 




a 


M,S 


MOPULE NPT PLUGGED IN 


a?ee 






• 








a2»t 


BH»7 


34*««««'«ci 


CLE»R 


SETB 


»,a 


CLFAR INTERRUPT 


asm? 


|/»HRO 


***i*zaF 




LA 


1,E"'P1 


LOAD LPS TRANSFER ADDRESS 


aaas 


fl«f>l> 


4»«lCP!P!a 




ST 


l,E*iAP| F 


ALTER LD9 TRANSFER ADDRESS 
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09*4 
020S 

0907 
99** 
09«9 

Mi* 

081? 
0913 
0914 
0913 
8816 
0817 
0919 
M10 
8980 
0821 
0829 
092* 
082' 
082" 
082A 
0927 
082" 
082" 
083" 
0931 
0839 
0933 
0934 
083* 
093« 
0837 
083" 
0930 
99** 
0841 
0948 
0949 
0944 
8944 
0946 
0847 
084* 
0949 
085f 
0891 
8999 
0853 



«i>8n 7C"»«"ff8 

0i»8F 70AZPMS1 END1 

♦ 8. 

* 

0091 JOJtFonPO TWO 

flf»93 34f»«f«»fl0 

ai'9" J4P1PRM 

P<*97 *8S1«IU2 

«!<»90 44B**IM7 

«<*9P r8«iFn8P 

0<*9P 34«Fi'8P0 

* 

P*9F 7202'^9P 

* 

SIPA1 ?HPH«Hi3 TW0I1 

B*AS 7808PHA3 

* 

0?*7 44«1«HA0 

**IQ 4n*.iV>W*9 

»*AP 7C0M*(**8 

«CAP 44»H»HRF TU01 

(J0AF 40019iV!12 

0i'H1 34 , 'FP*t< , SI 

0*83 9C»1FP9CI 

0VBS 108*9410 

0<"B7 72O8*»0R7 

8IW89 7»<»7'»i»^0 

M0HP 7M«7«»wJ i ei 

3*hp ?0Pw*bci 

MPBF 72r»2fflB'!F TW0T2 

rtPr.3 44»lffV»r»S 

0i»c«< aasiuna 

0*C7 34*Fa*30 

«PC« 9CP1F*8CI LP0P2 

0<*C»» 108*0410 

09'cn 7an2<»**co 

0&CF 7082«»»!C9 

»*ni 7«^7w0Ho 

* 

a»03 30Mm«»0r7 

0(»ns 72O2«0ns TW0T3 

0»»P7 7082P0P9 gN09 



ins ENABLP 
p %*2 

7FP0 jwpHT IMTFRPUPT 

SETB IB,' 
SETB 0,0 
LA l,»TWPtl 
ST 1,HALT*1 

i p.zfrp 

icrR (i,i4>,y"»8» 

SETB 1%1 

B • *,* 

PSfcE P,P,**4 
P «S,S 

SETB 0,0 
IA 1,T«01 
*T 1, ENABLE 
LOS ENABLF 
LA 1,#THPI9 
ST l.HALT+1 
SETB J*,H 
STPR (t.Ul.KMlli 
CM f*»«0»,41 .ONES 
P • »,* 

NPP 
NPP 



l»H*E 0,1 ,»*4 
R • «,•* 

SETB M,0 

I A l,4T»Pn 

ST 1,HALT*1 

SETS 1*,1 

sTr» d,i4i,»»«0' 

CM (»•*»•, 4), 0»'ES 

B • *, S 

B LP0P9 
NPP 

B«*E d,'i,E*'D9 
P • *,* 

« «*9 



. PDT91P* PAGE 0009 

FNABLE C»U INTERRUPTS 
TEST 1. COMPLETE 



STPP COUNTFR 

PLEAP INTERRUPT 

If) AD TRAP BRANCH AOORESS 

ALTER TRAP BRANCH AOORESS 

LOAD REGISTER WITH COUNT 

7FP0 14 PITS COUNTER 

START COUNTER 

FR»OP • SHOULD CONTINUE AT S*8 

CHECK FOR INTERRUPT 
FRROR • NO INTERRUPT 

CLEAR INTERRUPT 
IOAO LOS TRANSFER AOORESS 
ALTER LOS TRANSFER AOORESS 
CLFAR STATUS REGISTER 
I PAO T»AP BRANCH AOORESS 
ALTER TRAP BRANCH AOORESS 
STOP COUNTER 
RFTRTEVE COUNT VALUE 
CHECK POR NFGATIWf VALUE 
FRPCR • ILLEGAL VALUE 
VALUE MAY BE ZERO 
PONTINilf 

CHECK FOR INTERRUPT 
FRROR - INTERRUPT 

CLEAR INTERRUPT 

I CAD TRAP BRANCH AOORESS 

ALTER TRAP BRANCH AOORESS 

START COUNTFR 

RETRIEVE COUNT VALUE 

CHECK FOR -1 VALUE 

ERROR - ILLEGAL VALUE 

I OOP UNTIL COUNTER CHANGES 

CONTINUE 

CHECK FOR INTERRUPT 
FRROR • INTERRUPT 

TEST 9. COMPLETE 
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029' 

023* 

023* 

0237 

U2S« 

0239 

026« 

0261 

826? 

0261 

0264 

026* 

026* 

0267 

026* 

0269 

027n 

0271 

027? 

«?7S 

0274 

027* 

027* 

0277 

977* 

0279 

H28i» 

0281 

026? 

0263 

0204 

9285 

0284 

028* 

328" 

0269 

0290 

0201 

029? 

029* 

0294 

0295 

029* 

0*97 

029* 

0299 

030? 

0301 

038!? 

0303 



0*0* ?4fl'»(»»no 
noun *4*iP#rr 

00fc1 44««enil9 
0*63 »»«1FJ«»CI 

0PE3 J4*F«t»*0 

0Pfc7 ?C«1FPI«0 

0*»e° 1C«W*BZ1 

0<*F« 72O2P0FB 

0t»EO 70H2(>i«F7 

0C"FF 70»7npfn 

0PM 30«0<»8r*. 
m»F3 72O2P0F3 

0«»F* ?C01Ffi8P 
0*F7 10SH9417 
MPF9 7202ia*F9 
0f*FP 7H82P0F5 
«PFr> 7202&*rD 

0««FF S0»MP*rr 

01 PI 34*prj»r!fl 
01U3 44»3Pifi9 

01H* 4883HP5J8 
01P7 7C««l»0r8 

0JPIQ 7C01E09& 

M1HP 1RP09418 

HIGH 720?PtP0 

01(r.F 7«fl2ii>l^g 

0111 70«7t»0ra 

0113 3000*917 
011* 7202*113 

0117 340Fwnrif» 
alio 340Wt»0ripi 

01 l" 70«2P1 10 



• 3. 


rprRi 


FMFNT PHFCK 


* 






THREE 


SFTB 


1*," 




SFTB 


0,P 




LA 


1.0TNCEFI 




ST 

1 


l,H»LT*i 
0,COU»-T? 


* 


LOCR 


(1 ,14),X«P0» 


SETB 


1%1 


loopsi 


STCR 


f1,14},X»*0l 




TMT 


{X'W",Oit 




R 


• *, * 




B 


LP0P31 




Nnp 





* 
L0QP32 



* 
THRFEI 



* 
LO0P33 



PBK'E 0,l,l_ n OP3? 
P • *,* 

STTR M,14}.X»«0« 
C* (X«*fli,41,ZE 

8 «»,S 



loops? 

• *,* 



*B*E 0.1.THRPET 
SETB 0,0 
I A 3.I.O0P33 
ST 3.ENAPLF 
10* EHAHLF 



STCR 
CM 
H 

P. 
NOP 



CI ,141,XH0» 
rXM0!,41,OwE« 
• *,* 

L00P33 



ENDS 

* 

* 
* 

* 



"BNE <*,1,S*4 

5ETB 15,* 
SETS 0.0 

* 1*2 



STOP COUNTER 

CLEAR INTERRUPT 

I CAD TRAP BRANCH AOORESS 

ALTER TRAP BRANCH ADDRESS 

LOAO REGISTER WITH COUNT 

LOAD COUNT VALUE a TWO 

START COUNTER 
RETRIEVE COUNT VALUE 
CHECK F0» VALUE OF 1 
FRROP • ILLERAL VALUE 
LOOP UNTIL COUNTER CHANGES 
CONTINUE 

CHECK FOP INTERRUPT 
ERROR - TNTEPPUPT 

RETRIEVE COUNT VALUE 
CHECK FOP ZERO COUNT 
FRROP - ILLEGAL VALUE 
LOOP VNTTL COUNTER CHANCES 
FPPOP • SHOULD INTERRUPT 

CHECK FOR INTERRUPT 
CLEAR INTERRUPT 
LOAD LOS TRANSFER AOORESS 
ALTER LOS TRANSFER AOORESS 
CLEAR STATUS REGISTER 

PETRIEVE COUNT VALUE 
CHECK FOR -1 COUNT 
FRROP - ILLEGAL VALUE 
LOOP UNTIL COUNTER CHANGFS 
CONTINUE 

CHECK FOP INTERRUPT 
FRPOR - INTERRUPT 

STOP COUNTER 
CLEAR INTERRUPT 

TEST 3, COMPLETE 



CLOCK CALIPRATION 

TNSTRUCTTON FXFCUTION TIMES FOR TI«E DELAY FOLLOW. 
COUNT BEGINS AFTER EXECUTION OF THE START COUNTER 
fSETPl INSTRUCTION ANO ENDS ON ZERO COUNT'. 
L» 2. 303 MICROSECONDS 



8-10 



Digital Systems Division 




966374-9701 



SAlOS"! V4L? ITM96P>, InTFRVAL TIMER fOPULE TEST 
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P0T96CM 



0394 

183(05 

030* 

03*>7 
03»S 

03<ao 
0310 
0311 
031? 
0313 
0314 
031"* 
0314 
0317 
0318 
0319 
032<" 
032t 
032? 
0323 
032' 
0325 
0329 
0327 
032« 
032° 
033« 
0331 
033? 
0333 
033' 
0339 
033* 
0337 
033" 
0330 
03*> 
0341 
034? 
0343 
0344 
0345 
034* 
0347 
0348 
0349 
033* 
0391 
039? 
0393 



ST 3.9*3 MICROSECONDS 

8 3'. 117 MICROSECONDS 

A»B 3,410 MICROSECONDS 

A»P 3.1*7 MICROSECONDS 

BBNF 3. 003 MICROSECONDS 
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fNP SIGN CHANGES) 
(IF SIGN CHANGES! 



BMSEC n NF CLPC" CALIBRATION REQUIRES DELAY OF 0000 

♦ /.. 20ti MirRnSECHNOS, INTERRUPT WINDOW IS 780" TO 
*2*0 HICP9EC0M0S. 

4MSEC PNF TLPCK CALIBRATION RFOUIRES DELAY OF 4000 

♦/» 10* "irRosFcnNPs, interrupt window is 3900 to 

41*0 MICROSECONDS. 
2MBEC PNF CLPCK CALIBRATipw REOUIRES DELAY OF 2000 

♦ /■ 50 MICROSECONDS. INTERRUPT WINDOW IS 1990 TO 
?050 MICROSECONDS. 

1MSEC PNE CLOCK CALIBRATION REOUIRES DELAY OF 1000 

+ /• ?S MICROSECONDS'. INTERRUPT WINDOW IS 973 TO 
10?5 MICROSECONDS. 



stlin 

rfllF 
0121 
0123 
0125 
«*127 

012«> 

0l?M 
012H 
012F 
0131 
0133 



?40Fi»*iJ'0 FOUR 
S40t»»W1O 
440 1 PI 35 
48»1<"W12 

44»tf»t»18 

P*(MF08O 



?4»F*H^0 
44Sl n {«?-n 
PClFPlfD 
44«2r»i?.n 
"A52i»tt12 
7002*137 



0135 7202*135 



0137 
0130 

013P 
01 3 ft 

013F 
0141 
0143 
0145 



4492«<»?CI 
PC2FP139 

300IHM3F 
72D2P130 

34000MRC1 
4403*147 
4883("HP8 
7C0»«*WP8 



SNGLP 



* 
F0URI1 

FflURl 



FDURI? 



0147 7»i02ni49 



EOURIE 

« 
♦SMSEC 



SETS 15,™ 
5ET8 0,0 



LA 
ST 

L 



l,0Fni!RTl 

1,H»LT*1 

0,CWfcT1 



LPfR (1,141,¥»»0» 
SETB 15,1 

I. A \.%m% 

»RB -1,*,1 

It ?,0FOI | RT? 
ST 2,M»LT*1 
B FPll«l 

f 0!»,5 

I A 2,S-$ 

»RP -1,1,? 



m 0S.5 



,P,»*4 

* ft 



SETS 0,? 
I A 3,FnUPlF 
ST 3, ENABLE 
LOS EMA5I.E 

**2 



STOP COUNTER 

CLEAR INTERRUPT 

LOAD TRAP BRANCH ADDRESS 

ALTER TRAP BRANCH ADDRESS 

LOAD REGTSTFR WITH COUNT 

10*0 COUNT VALUE • ONE 

START COUNTER 

SINGLE LPOP 

DELAY 

LOAD TRAP BRANCH ADDRESS 2.583 

ALTER TRAP BRANCH A00RE333.983 

TfcTERRUPT MUST NOT OCCUR 3.117 

FRROR • INTERRUPT 

WINDOW 
"El. AY 

CHECK FOR INTERRUPT 
PRROR - NO INTERRUPT 

CLEAR INTERRUPT 
LOAD LOS TRANSFER AQDRESS 
ALTER LOS TRANSFER ADDRESS 
CLEAR STATUS INTERRUPT 

PNE COUNT CALIBRATION OK 



FUIL CPUNT CALIBRATION f 16383 COUNTS) 

PEPUTRFS DFLAY UPQP PF 131064 ♦/• 3276 MILLISECONDS 
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iCfl u •*> r 



'Ui b i r 3 i 



r\j | w n Kl m 



! AGE 



035* 

0395 

035« 

0367 

035* 

0394 

036? 

0361 

0369 

0363 

036^ 

036* 

036* 

0367 

036* 

0360 

037* 

0371 

037? 

0373 

0374 

037* 

037* 

0377 

037* 

037Q 

036c 

0361 

038? 

0363 

0364 
0365 

'03 6 « 
0367 
036* 
0360 
039 m 
0391 
0389 
0393 
0304 
039S 
039« 
0397 

03»" 
039Q 
04P« 
0401 
040? 
0403 



0140 
014» 
U14P 
014F 
0151 
0153 

015* 
«1S7 
01SO 
015P 
015" 
015F 
0161 
0163 
016* 
(M«7 
0160 



?4«Ffln:nfl 
34a*f»0!?i0 
44»1!»1«B 
48*1<»W12 
A4*VI*S»1A 
F601F000 

34!»FC020 

'4027FFF 
"C2Ft»l"!tl 
PCI FBI S9 

J403e>0n(|> 
PC3FWJB1 
30»M»lf,3 
44*2*175 
4ftfl2ft0i2 
7002(»lf,O 



♦4M3EC 

•2M9EC 

•1H3EC 

* 

•MOTE! 

* 

• THE I 

F0UP2 



TNTE»W»IP 
WEOUTRFS 
TNTEBBIIP 
BFPUTHFS 
TNTEBRMP 
PE^UTRFS 
IMTEORI'P 
*LI. OEl * 
fcAK'OSECO 
SEMPOND 
NTFPVAL T 



nFL»V 

T wiMQn 

0FL4V 

T KiNfjn 

OFL*V 
T WIMOn 

y i onps 
nd? IS 
UCTOP * 
T*FR I* 



* IS 
LOOP 

W IS 

LOOP 
H IS 

loop 

* IS 

assu 
used 
Emory 

CHFC 



1277M Tn 134340 MILLISECONDS 
HF 65532 ♦/- 1030 MiuiSECOKDS 
63094 TO 67170 MILLISECONDS 
fF 32706 ♦/• 019 PTLU9EC0N03 
31047 TO 335S5 MILLISECONDS 
*F 16303 ♦/- 4*9 PTLLISECONpS 
15074 TO 1670? MILLISECONDS. 
ME THAT ONF MFMOPV CYCLE OF 75" 
FWFRV 30 MICROSECONDS TO REFRESH 



L00P41 
RMLP 



SETB 1%** 

SETB 0,0 

I* 1.0FOHRT3 

ST 1,H1LT*1 

t 0.FHH 

I OrR (1,141, XIP0I 

SETB 15, t 
I A 1,»-S 
LA ?,X»7FFF» 
ARM •!,*.? 

ARP •l,L0rP41,i 

I A 3,S-J 

ARM -1,*,3 

HBK'E 0,0, S 

I A 2.0FOIIRT4 

ST 2,M»LT«1 

P FPUR3 



01ft* 72n2v«l«B 



0ier> 
01«F 
0171 
0173 

017* 
0177 
0170 



J4*3«0fl0 

440200510 

i*C?F«171 
«»C3FB1(!F 

30P0t»17B 
7C*0*»0r« 
7202*179 



F"URI3 

* 
FOURS 



M,* 



017« 70S2P17O 



F0URI4 



F0UR4 

# 



017P 
017F 
0101 
0103 
0185 



340FP0?0 
340HFI0C0 
4403B187 

4803*0^8 
7C00«0P8 



LA 3,S-S 

LA 2.S-S 

ARM -1,«,2 

ARP >1,«-4,3 

KflVE 0,0,FOUR4 
LOS WAIT 
P PS, 5 

B **2 

SETB 15, a 
SET8 0,0 
LA 3,0EL*V1 
ST 3,E*A«IE 
LOS ENABLE 



KEO TO AN ACCURACY OF 2.5 PERCENT 

STOP COUNTER 

CLEAR INTERRUPT 

LOAD TRAP BRANCH ADDRESS 

ALTER TRAP BRANCH ADORESS 

LOAD REGISTER WITH COUNT 

LOAD FULL COUNT VALUE - 16383 

START COUNTER 
OUTER LOOP 

INNER LOOP • 32,767 TIMES 

INNER LOOP 

OUTER LOOP 
BEMAINnER LOOP 2.583 



ERROR IF BOARD IS REMOVER 
10A0 TRAP BRANCH ADORESS 
ALTER TRAP BRANCH ADDRESS 



LOAD TOLFRANCE LOOP 
INNER TOLERANCE LOOP 

INNER LOOP 

OUTER LOOP 

CHECK INTERRUPT 

ERROR NO INTERRUPT 

PULL COUNT CALIBRATION OK 

STOP COUNTER 

CLEAR INTERRUPT 

LCAO LOS TRANSFER ADDRESS 

ALTER LDS TRANSFER ADDRESS 

CLEAR STATUS INTERRUPT 



8-12 



Digital Systems Division 




966374-9701 



SALO*w V4L? ITM9ftP, I^TFRVAl TIME» MODULE TEST - POT9*0A 
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04*4 






* 


rE 


:lav for poss 


040S 






* 






04B* 


A1M7 


4RB3P18A 


PELAY1 


ST 


3,»*3 


0407 


«180 


7v>»7«9t?.fi 




*0P 




04P« 


«1HB 


(*C319>ia7 




ARP 


♦ 1 .DEI AVI, 3 


04*0 


ftisn 


48»3H1?0 


DELAY* 


ST 


3.S + 3 


*4l(A 


«1«F 


7M07«t»O0 




*0P 




0411 


ai9i 


PC31«M»D 




ARP 


♦l,"El AV2.3 


041? 


«!93 


48«3"196 


DELAV3 


ST 


3,S*3 


0413 


«19S 


70«7«"dcio 




MOP 




0414 


W1S7 


CCSIPI^S 




ARP 


♦1,0Et AYS. 3 


441* 


0190 


48"3<M9C 


DELAY4 


ST 


3,S*3 


041* 


019P 


70fl7t>«C10 




WOP 




0417 


*l»r» 


frC3l»109 




ARP 


♦ 1.HEI. AY4.3 


041A 


&19F 


4M35MA? 


DELAYS 


ST 


3,**3 


0410 


01A1 


70«7»BD0 




*0P 




042« 


0U3 


{'CSl^lOF 




ARP 


♦1. DELAYS, 3 


0421 






• 






0499 


01A9 


70«2(»lt7 


END4 


P 


S*2 


0423 






* 






0424 






* 5. 


HETUPN TO 1 OAOFR 


042K 






* 






342* 


«1 A7 


?4»W(»flCl 


FIVE 


SETH 


• 9,9 


0427 


1*1*0 


7C<"<!t*<iM3 




LOS 


OETUPN 


042* 






* 






0420 


aUP 


70^2(»0?!0 


RTTMCH 


P 


LOADEP 


043* 


ai»n 






FNn 


STATUS 



HALT 



ST«RF 8R3 


IN LOWER 


NOP 


TEMPORARY 


REGISTER 


STORAGE 


DELAY FOR 


POSSIBLE 


MALT 


STORE SR3 


IN LONER 


NOP 


TEMPORARY 


REGISTER 


STORAGE 


DELAY FOR 


POSSIBLE 


HALT 


STORE SR3 


TN LOWER 


NOP 


TF"P0R4RY 


REGISTER 


STORAGE 


DELAY FOR 


POSSIBLE 


HALT 


STORE SR3 


TN LOWER 


NOP 


TEMPORARY 


REGISTER 


STORAGE 


DELAY FOR 


POSSIBLE 


HALT 


STORE SR3 


IN LONER 


NOP 


TEMPORARY 


REGISTER 


STORAGE 


DELAY FOR 


POSSIBLE 


HALT 



TEST 4. COMPLETE 



CLEAR INTERRUPT 

LOAD STATUS TO HAS* INTERRUPTS 

RETURN TO LOADER CONTROL 
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ALPHABETICAL INDEX 
INTRODUCTION 

The following index lists key words and concepts from the subject material of the manual 
together with the area(s) in the manual that supply major coverage of the listed concept. The 
numbers along the right side of the listing reference the following manual areas: 



• 



• 



• 



Sections - References to Sections of the manual appear as "Section x" with the symbol 
x representing any numeric quantity. 

Appendixes - References to Appendixes of the manual appear as "Appendix y" with the 
symbol y representing any capital letter. 

Paragraphs - References to paragraphs of the manual appear as a series of alphanumeric 
or numeric characters punctuated with decimal points. Only the first character of the 
string may be a letter; all subsequent characters are numbers. The first character refers 
to the section or appendix of the manual in which the paragraph is found. 

Tables - References to tables in the manual are represented by the capital letter T 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the table). The second character is followed by a 
dash (-) and a number: 

Tx-yy 

Figures - References to figures in the manual are represented by the capital letter F 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the figure). The second character is followed by a 
dash (-) and a number: 

Fx-yy 

Other entries in the Index - References to other entries in the index are preceded by 
the word "See" followed by the referenced entry. 
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/1UU1 **•»•» ■ 

CRU Input Bit T2-1 

CRU Output Bit T2-1 

Interrupt Trap Base 82.4 

Addressing 43.1 

Module and Line 422 

Adjustments, Time Base Interval Fl-2 

AM Field 42.4 

Assembler Directives F2-1 

Assembly Drawings 6.1 

Assignments: 

Connector Pin 42.1 

Interval Timer Module Connector Pin . . .T4-2 
Module Connector Pin F4-2 

BBNE Instruction .2.1,4.2.52 

Bit: 
Address: 

CRU Input .T2-1 

CRU Output .T2-1 

Functions, CRU T2-1 

Block Diagram, Interval Timer F4-1 

Cables, Custom 1.23 

Calibration, Clock 82.4 

Check, Decrement 82.4 

Clock: 

Calibration 82.4 

Interval Timer 1.1 

Signals 1.1 

Component Level, Fault Isolation 53.2 

Configuration, Equipment 822 

Configurations: 

CRU Mechanical Fl-3 

Interval Timer Module Tl-1 

Time Interval Jumper Tl-3 

Connector Pin Assignments 4.2.1 

Interval Timer Module T4-2 

Module F4-2 

Considerations, Power-Up 22.1 

Control and Transfer of Data 423 

Control Features, Performance 

Demonstration Test 82.10 

Counter: 

Event .42.52 

Program .4.2.5.2 

CPU Interface 4.2 

CPU Interface Signals T4-1 

CRU Bit Functions T2-1 

CRU Input Bit Address T2-1 

CRU Input Transfer of Data and 

Instructions 4.2.5 

CRU: 

Input/Output Instruction Format .... 42.4 

Mechanical Configurations Fl-3 

Output Bit Address T2-1 

Output Transfer of Data and 

Instructions 4.2.6 

Custom Cables 123 

Data and Instructions, CRU Input 

Transfer of .4.2.5, 4.2.6 



Data : 

Control and Transfer of 423 

Structure 82.3 

Decrement Check 82.4 

Description and Installation, 

General Section I 

Diagram, Interval Timer Block F4-1 

Directives, Assembler F2-1 

Documents, Related Preface 

Drawings Section VI 

Drawings and Parts Lists, Index of 6.1 

Drawings: 

Assembly 6.1 

Electrical 6.1 

Electrical Drawings 6.1 

Equipment Configuration 82.2 

Event Counter .4.2.5.2 

Expansion Ports: 

External 122 

Internal 1.2.2 

External Expansion Ports 122 

Fault Isolation 5.3 

Component Level 53.2 

Module Level 53.1 

Features, Performance Demonstration 
Test Control 8.2.10 

Field: 

AM 42.4 

MandN 4.2.4 

VI 4.2.4 

Format, CRU Input/Output Instruction . . 42.4 

Functions, CRU Bit T2-1 

General Description and Installation .Section I 
Generation, Time Interval 43.3 



Implementation,List, Logic Section VII 

Increments, Time Base 12.1 

Index of Drawings and Parts Lists 6.1 

Initialization 82.4 

Initialization Example, Timer F2-2 

Input, Performance Demonstration Test . . 8.2.6 
Input/Output Instruction Format, CRU . . 42.4 

Installation 12 

Procedure . 123 

Instruction: 

BBNE 2.1,42.52 

LDCR 2.1,42.6.1 

Instruction Sequence, Sample F2-3 

Instruction: 

SETB 2.1,42.62 

STCR 2.1,42.5.1 

TSBX 2.1,4.2.53,42.63 

XBNE 2.1,42.5.4 

Instructions: 

CRU Output Transfer of Data and ... 42.6 

Operating Section III 

Interface and Module Specification . . Section IV 
Interface, CPU 4.2 
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Internal: 

Expansion Ports 1.2.2 

Ports, Standard 1.2.2 

Interrupt: 

Request 22 

Servicing . 22.2 

Storage Flip-Flop Logic F4-3 

Interrupt Trap Base Address 8.2.4 

Interrupt, Zero Input 8.2.4 

Interrupts 4.3.2 

Interval Adjustments, Time Base Fl-2 

Interval Module Specifications Tl-2 

Interval Timer: 

Block Diagram F4-1 

Clock 1.1 

Module: 

Configurations . -Tl-1 

Connector Pin Assignments ..... .T4-2 

Operation 2.1 

Register Loading Logic F44 

Isolation, Fault 53 

ITM960 82.1 

Jumper Configurations, Time Interval . . . .Tl-3 

LDCR Instruction .2.1, 4.2.6.1 

Level: 

Fault Isolation: 

Component 53.2 

Module 53.1 

List, Logic Implementation Section VII 

Lists: 

Index of Drawings and Parts 6.1 

Parts 6.1 

Loading Logic, Interval Timer Register . . . .F4-4 
Loading Procedures, Performance 

Demonstration Test 829 

Location, Slot 122 

Logic Implementation List Section VII 

M and N Field 42.4 

Maintenance Section 5 

Mechanical Configurations, CRU Fl-3 

Module and Line Addressing 4.2.2 

Module: 

Configurations, Interval Timer Tl-1 

Connector Pin: 

Assignments F4-2 

Assignments, Interval Timer T4-2 

Level, Fault Isolation 53.1 

Operation, Interval Timer 2.1 

Operating Instructions Section III 

Operation: 

Interval Timer Module 2.1 

Theory of 43 

Output, Performance Demonstration Test . 82.7 

Parts Lists 6.1 

Performance Demonstration 

Test Section VIII, 52 

Control Features 8.2.10 

Description 82 



Input 8.2.6 

Loading Procedures 82.9 

Output . 8.2.7 

Restrictions 8.2.8 

Ports: 

External Expansion 1.22 

Internal Expansion 1.2.2 

Standard Internal 1.22 

Power-Up Considerations 2.2.1 

Procedure, Installation 1.23 

Procedures, Performance Demonstration 

Test Loading 82.9 

Program: 

Counter .4.2.5.2 

Structure 8.2.4 

Programming Considerations 2.2 

Programs, Support 82.5 

Register Loading Logic, Interval Timer . . . .F4-4 

Related Documents Preface 

Relationship Between Real Time and 

the Counter Values .T2-1 

Request, Interrupt 2.2 

Required Test Equipment .T5-1 

Restrictions, Performance Demonstration 

Test ... 82.8 

Sample Instruction Sequence F2-3 

Schematic „ 6.1 

Selection, Time Base .* 1.2.1 

Servicing, Interrupt 2.2.2 

SETB Instruction 2.1,42.62 

Signals: 

Clock 1.1 

CPU Interface T4-1 

Slot Location 1.2.2 

Slot Selection 12.2 

Specification, Interface and 

Module Section IV 

Specifications, Interval Module ... . . .Tl-2 

Standard Internal Ports ......... 1.22 

STCR Instruction 2.1,22,42.5.1 

Storage Flip-Flop Logic, Interrupt F4-3 

Structure: 

Data 823 

Program 82.4 

Support Programs 82.5 

Test Control Features, Performance 

Demonstration 82.10 

Test Description, Performance 

Demonstration Test 52, 8.2 

Test: 

Input, Performance Demonstration . . . 82.6 

Loading Procedures, Performance 
Demonstration 82.9 

Output, Performance Demonstration . . . 82.7 

Performance Demonstration . . . Section VIII 

Restrictions, Performance 

Demonstration ........... 82.S 

Theory of Operation 4.3 
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Time Base: TTr*«* o« Art ;fi rt „*:~„ c-_*: — . tit 

Increments 1.2.1 Update Example, Timer F2-3 

Interval Adjustments Fl-2 

Selection 1.2.1 Values, Relationship Between Real Time 

Time Interval: and the Counter T2-1 

Generation 4.33 VI Field 4.2.4 

Jumper Configurations Tl-3 

Timer: XBNE Instruction 2.1,4.2.5.4 

Initialization Example F2-2 

Update Example F2-3 Zero Input Interrupt 8.2.4 

TSBX Instruction 2.1,4.2.53,4.2.63 
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